This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of 
the original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problem Mailbox. 



PCX 





LLECTUAL PROPERTY ORGANIZATION 
International Bureau 

UBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Iniernational Patent Classification : 




(11) International Publication Number: 


WO 00/28577 


HOIL 2yoo 


Al 


(43) International Publication Date: 


18 May 2000 (18.05.00) 



(21) International Application Number: P(rr/lL99/00598 

(22) International Filing Date: 7 November 1999 (07.1 1.99) 



(30) Priority Data: 

126949 



8 November 1998 (08.11.98) 



IL 



(71) Applicant {for all designated Stales except VS): NOVA MEA- 
SURING INSTRUMENTS LTD. [iUILJ; Weizman Scien- 
tific Park. 76100 Rehovot (IL). 

(72) Inventor; and 

(75) Inventor/Applicant {for US only): FINAROV. Moshe [OilL]; 
4.-75 Shkolnik St.. 76209 Rehovot (IL). 

(74) Agent: NOAM, Meir; P.O. Box 34335. 91342 Jeaisalem (IL). 



(81) Designated States: AE. AL. AM, AT, AU, AZ. BA. SB. BG. 
BR, BY. CA. CH. CN, CR, CU. CZ, DE, DK. DM. EE. 
ES, FI, GB. GO. GE, GH, GM, HR. HU. ID. IL. IN. IS. JP. 
KE. KG, KP, KR. KZ. LC. LK. LR. LS. LT. LU, LV. MA. 
MD, MG, MK, MN, MW, MX. NO. NZ. PL, PT. RO, RU, 
SD. SE. SG. SI. SK. SL, TJ. TM, TR, TT. TZ, UA. UG. 
US. UZ, VN, YU. ZA. ZW. ARIPO patent (GH, GM. KE. 
LS. MW, SD. SL, SZ. T2, UG. ZW), Eurasian patent (AM, 
AZ. BY, KG, KZ. MD. RU. TJ. TM), European patent (AT. 
BE, CH. CY, DE. DK. ES. FI. FR. GB, GR, IE, IT. LU. 
MC, NL. PT. SE), OAPI patent (BF. BJ. OF. CG, CI, CM. 
GA, GN. GW. ML. MR. NE. SN. TD. TG;. 



Published 

With international search report. 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 



ro 










■■"'1 


C i 


1 


:~) 




CO 


( n 
















-> 


o 



(54) Title- AN APPARATUS FOR INTEGRATED MONITORING OF WAFERS AND FOR PROCESS CO>pOL IN THE 
SEMICONDUCTOR MANUFACTURING AND A METHOD FOR USE THEREOF ^ 



(57) Abstract 

The present invention relates to an integrated ap- 
paratus for monitoring wafers and for process control in 
the semiconductor manufacturing process, by means of 
optical measurements at more than one spectral range 
that can be installed inside any pan of the semiconduc- 
tor production line, i.e.. inside the photocluster equip- 
ment, the CVD equipment or the CMP equipment. The 
apparatus comprises a measuring unit (110) for per- 
forming optical meansurements in predetemiined sites 
on said wafer, illumination sources for illuminating said 
wafer via measuring unit (10, 50), supporting means 
(30) for holding, rotating and translating the wafer and 
a control unit (120). The measuring unit (UO) com- 
prises: (a) at least two separate optical units, each op- 
erating at a different distinct spectral range; (b) a sep- 
arate optical window for each optical unit (31, 32); (c) 
at least one movable optical head (34); (d) mechanical 
means for translating said optical head relatively to the 
wafer's surface. 
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AN APPARATUS FOR INTEGRATED MONITORING OF WAFERS 
AND FOR PROCESS CONTROL IN THE SEMICONDUCTOR 
MANUFACTURING AND A METHOD FOR USE THEREOF 

FIELD OF THE INVENTION 

The present invention relates to the semiconductor industry in general, and to 
an apparatus for monitoring wafers and process control in tlie semiconductor 
processing and a method for use diereof, in particular. 

BACKGROUND OF THE INVENTION 

The current trends of shrinking dimensions in die semiconductors industiy and 
the dynamic natm*e of the processes involved in the semiconductor 
manufacturing, increase the need for accurate diagnostic tools, capable of 
providing real time measurements for short time to-respond feedback loops, 
such as closed loop control and feedforward control. Such stiingent 
requiiements cannot be obtained by off-line ("stand alone") measuiing systems, 
which do not provide a real time response. Inspection and measuring by such 
systems, however precise and accurate they are, slow-down the manufacturing 
process and consume valuable time and clean room space. On the other hand, 
in-situ detection devices such as end-point detection devices, which are used at 
different stages of the production line, althougli they provide real-time 
monitoring, their performance is not accurate enough. Such devices are exposed 
to the conditions in the active area of the production line, thus the data obtained 
by them is rather an averaging over a relatively large area and tliey cannot 
provide mapping capabilities. 

This situation enhanced the development of a fundamental solution by means of 
integrated monitoring and process control, i.e., physical implementation of 
monitoring tools, with full metrolog>' capabilities, within tlie production line in 
the semiconductor fabrication plant. (Dishon, G., Finarov, M., ICipper, R. 
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(1997) Monitoring choices of CMP planarization process, 2"'' International 
CMP planarization conference, February 13-14, Santa Claia, CA.) 



The terms "integrated apparatus" or "integrated device" as used in the present 
invention refers to an apparatus diat is physically installed inside tlie processing 
equipment or is attached to it and is dedicated to a specific process. Wafers 
are transfeired to said apparatus by the same robot which serves the processing 
equipment. 

Integrated devices should be considered from several aspects and meet specific 
requirements in order to become real and feasible: 

(a) Small footprint - an integrated device should have as small footprint as 
possible in order to be physically installed inside the Processing Equipment 
(hereinafter caUed PE), e.g., inside the Chemical Vapor Deposition 
(hereinafter caUed CVD) equipment, inside the Chemical Mechanical 
Polishing (hereinafter called CMP) polisher or inside the photocluster 
equipment; 

(b) Sepaiation of the measuring unit firom the PE enviroiunent, e.g., using 
sealed enclosure. This is aimed at two objectives: 

(I) Cleanliness - measuring unit must not interfere in any way witli the 
operation of the PE or introduce any potential risk for contamination; 

(II) To enable the application of certain conditions inside the integrated 
apparatus, such as pressurized gases in the CMP equipment (in order to 
prevent water vapor firom penetrating the apparatus); 

(c) Maintaining a stationary wafer during measurement in order to minimize 
system's footprint and to exclude extra wafer handling; 

(d) High speed measuring unit (e.g., fast positioning, autofocusing and 
measurment); 

(e) Means to directly respond to a certain cause witli the conect 
straightforv,'ard correction action. 

2 
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(f) Easy and quick maintenance by simple replacement of each functioning 
unit (component). 

(g) Having the option to be bypassed by tlie production process and to operate 
at off-line mode. 

In addition to the aforementioned specific design requirements, integiated 
device should have other general functions as described hereinafter. 
Reference is made to Fig. 1, prior art, which generally illusuates an integiated 
apparatus which measures the thickness of diin films on tlie surface of a silicon 
wafer (the metrology device known as Integrated Thickness Monitoiing system 
- ITM NovaScan 210, commercially available firom Nova measui-ing 
insti-uments Ltd., Rehovot, Israel). The prior art will be described using this 
metrology device. 

In general, the known metrology apparatus of Fig. 1 comprises an optical 
measurement unit (MU) 1, an externa) liglit source 10 and a conbol unit (CU) 
2, wliich controls the movement and image acquisition of the optical 
measurement system 1 as well as the operation of the external liglit source 10. 
The optical measurement system 'sees' tite wafer tlu-ough an optical window 3. 
Optical measurement system 1 typically comprises an optical unit 4, whose 
optical path is shown in detail in Fig. 2, a translation system 5 capable of 
allocating measurement at any point on the wafer w, such as an X-Y stage, and 
data and image processing unit 6 forming part of die control unit 2. 
The optical path for the exemplary apparatus is illustrated in Fig. 2 and is 
described hereinafter. The optical unit comprises an external (to the MU 1) 
white hght souice 10, an optic fiber 11, a condenser 12, which directs the light 
onto a beam splitter 13, a focusing target 25, a tube lens 14, a translatable 
objective 15, an optical window 3 and the wafer's plan w. Behind the beam 
splitter 13 are located a pinhole mirror 16, a relay lens 17 and a CCD camera 
18. Behind the pinhole mirror 16 there is another relay lens 19, a mirror 20 and 
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a Spectrophotometer 21. For the apparatus described here, only the objective 15 
is uanslated, pai allel to the wafer's plan w. 

A light beam 22 emanates from the external light source 10, is conveyed to tlie 
MU 1 by fiber optic 11. It enters the MU 1, to the condenser 12 till beam 
splitter 13 which deflects it toward the wafer w, via lenses 14 and 15 (minors 
which serve as well to convey liglit beam 22 are not shovm) The reflected light 
beam (not labeled) is transmitted by lenses 14 aiid 15, passes tlirough beam 
splitter 13 and is deflected by pinhole minor 16 to the CCD camera 18 where 
the image acquisition takes place. The portion of the light beam, which passes 
dirough the pinhole in the pinhole muTor 16, reaches the spectiophotometer 21. 
The focusing taiget 25 is any high contrast object, such as a metallic pattern on 
a glass substrate. The pattem can be any easily identifiable pattern, such as a 
contrast edge, a grid, etc. 

The main two functions of the optical unit 4 are the positioning (including 
focusing, image acquisition and image processing) channel 100 and the 
measuring (including illumination and detection) channel 200. The positioning 
channel 100 is aimed at identifying the exact location of the wafer »v and the 
specific sites on the wafer w where measurements have to be done. 
Autofocusing using, among other tilings, focusing target 25, is peifonned 
according to any method known in tlie art. Such a method based on the 
patterned features on the wafers is disclosed in US patent No. 5,604,344. After 
the positioning and autofocusing are done, the objective 15 is located above the 
predetermined location on the wafer w. Now, a measurement is conducted by 
the measuring channel 200. It should be noted that tlie positioning channel 100 
and the measuring channel 200 aie partly composed of the same optical 
elements as shown in Fig. 2, especially with respect to the moving optical head 
which is the objective 15 in this case. This overlap is feasible, mamly because 
both channels 100 and 200 in the ITM NovaScan 210 use ahnost the same 
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spectral range. A direct result of this situation is that single optical window 3 is 
capable to seive both channels. 



However, another situation is when an integrated measurement device uses 
different wavelengths for the positioning channel and for the measuring 
channel, or when optical measurements are required at more than one spectial 
range. For example, a method for layer composition measurements and 
contamination analysis during the CVD process is conducted by infrared 
optical assembly which cannot be used for the positionuig channel 100. 
Therefore, with respect to applications when different wavelengths are used for 
positioning and for measurements or when measurements at different spectral 
ranges are requiied, a new shoncoming of the common integrated devices 
arises: due to optics limitations, both positioning channel 100 and measuring 
channel 200 cannot use the same optical elements and the optical window 3 
cannot serve both channels, as known to a man skilled in the ai1. With respect 
to the known ITM NovaScan 210 presented above, optical window 3 designed 
for positioning channel 100 and operation under visible liglit conditions, cannot 
serve UV, Infrared or X-rays measuring. Moreover, recalling die specific 
requirements for integrated device, this problem cannot be solved by installing 
two different optical windows with similar dimensions to those of optical 
window 3 due to footprint limitations. Alternatively, a permanent omission of 
the optical window 3 is not practical because of tlie requirement to separate the 
MU 1 from its enviromnent. 

Therefore, the objectives of the present mvention is to overcome the 
aforementioned limitations: 

1) To provide an integrated apparams for monitoring and process control 
under conditions where different spectial ranges aie used for positioning, 
measurement, mapping and any other operation performed by the apparatus 
or any combination of such operations. 
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2) To provide specifically an integrated apparatus for nionitonng layers 
thickness and layers composition aiid for process contiol using visible light 
and FTIR, respectively. 

3) To provide specifically an integrated apparatus for monitoring the 
thickness and the photosensitivit\' of photoresist layers by using 
respectively, visible and ultraviolet spectrophotometiy 

4) To provide specifically an integrated appaiatus for monitorijig layers 
tluckness and layers composition and for process control by using x-ray 
spectroscopy. 

Hereinafter the term ''optical unit" as used in the present invention means an 
assembly that includes all of the physical optical components that enables the 
performing of optical activities (e.g., measmements, image acquisition) at a 
specific spectral range, where tlie optical components comprise an illumination 
source, preferably external, a detector (e.g., spectrophotometer) or imaging 
device (e.g., area CCD) and a suitable combination of optical elements, such as 
lenses, beam splitters, miirors, fiber optics and so on, for directing tlie input 
illumination beam toward the wafer and tlie output beam, from die wafer into 
the detector; 

The illumination source can be external to the measuring unit in wliich all the 
other components of the optical unit are assembled or can be installed within 
the measuring unit, hi tlie fust case tlie light beam is conveyed to the 
measuring unit by a suitable light guide. 

The term "chaimel" or "optical channel" as used in tlie present invention means 
the using of an "optical unif for specific purpose and includes the 
communication with a control unit as well as electricity supply. 
Thus, an "optical unit" can serve more than one "channel", as in tlie example 
above, hi this example of the ITM NovaScan 210, channels 100 and 200 
operating at visible liglit, comprise nearly the same optical components (except 
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a spectrophotometer aiid a CCD) denoted for convenience as optical unit 4 
(wherein the Ught source 10 is part of unit 4). 



SUMMARY OF THE INVIENTION 

It is the object of the present invention to overcome the limitations of the prior 
art. 

The present invention relates to an integrated apparatus for monitoring wafers 
and for process control in the semiconductor manufactuiing process, by means 
of optical measurements at more than one spectral range, and a method for use 
diereof Said apparatus comprising at least two separate optical units, each for 
measurements at a different specti-al range wherein each unit uses a different 
optical window. 

The present invention further relates to a method for monitoring of wafers and 
for process control in the semiconductor manufactming by optical 
measurements at more than one spectral range for any process m the 
semiconductor manufacturing and for the CVD process, in paiticular. 

The apparatus according to the present invention comprises a measuring unit 
for performing optical measurements in predetermined sites on said wafer, 
illumination sources for illuminating said wafer via measuiing unit, supporting 
means for holding, rotating and translating die wafer and a control unit 
connected to said measuring unit, to said supporting means and to said 
illumination sources. The measuring unit comprises: (a) at least two separate 
optical units, each operating at a different distinct spectial range; (b) a separate 
optical window for each optical unit tiuough which the wafer is illuminated; (c) 
at least one movable optical head which includes part or all of the optical 
components of said optical units; (d) mechanical means for tianslating said 
optical head relatively to the wafer's suiface such that each of said optical units 
can measure the whole area of tlie wafer tiirough its corresponding optical 
window and perform autofocusing. 
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The apparatus, according to the present invention, can be installed inside any 
part of the semiconductor production line, i.e., inside die photocluster 
equipment, the chemical vapor deposition (CVD) equipment or the chemical 
mechanical polishing (CMP) equipment. 

In a preferred embodiment of the present invention, one optical unit, 
comprising of optical elements suitable for measurements in the visible range, 
is used for positioning and for obtaining spectroscopic data in the visible range. 
The other optical unit or units consist of optical elements suitable for 
measuiements at any other spectral ranges, such as the infiaied, ultiaviolet or 
X-ray or at a specific wavelength. 

In a preferred embodiment of the present invention, said appar atus is installed 
inside die CVD equipment cluster and comprises two optical imits. One optical 
unit, comprising of optical elements suitable for measurements in the visible 
range of the electromagnetic spectrum, is used for positioning and for thickness 
measurements. The second optical unit is for layer composition measurements 
and contamination analysis and comprises of optical components suitable for 
measurements in die infiared range of die spectrum based on Fourier Transform 
Infrared spectrometry (FTIR). 

In another preferred embodiment of the present invention, the second unit 
comprises optical elements suitable for illumination and optical measurements 
in the ultraviolet range of die spectrum, is used for illuminating a wafer by 
ultraviolet illumination and measuring die reflected signals by means of a 
detector. 

Yet in anodier preferred embodiment of die present invention, die second unit 
comprises optical elements suitable for illuminarion and optical measurements 
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ill tlie X ray range of the spectrum, is used for illuminatiiig a wafer by X ray 
radiation and measuring the reflected signals by means of a detector. 



In a preferred embodiment of the present invention the measunng unit 
comprises two adjacent elongated windows of length equal to or longer than a 
semiconductor wafer radius and separated by a distance d The wafer is held by 
a stable support with means for rotaring the wafer around an axis perpendicular 
to its plane. The movable optical head has means to move along die window 
length, and either die supporting means of die wafer or the movable optical 
head have means for lineai" translation along tlie x axis perpendicular to the 
windows elongated axis and equal to the distance Ax between the wmdows' 
centers such that the wafer can be centered under one window or die other. 
This design of the windows, combined with die relative movements of wafer 
and optical head, enables each optical unit to measure any point on die surface 
of a wafer. 

Yet, in anodier preferred embodunent of the present invention, die wafer's 
supporting means has means for accurate rotation. 

According to the present invention, tiiere can be more dian two optical units 
and corresponding windows, wherein die supporting means or die optical head 
have several positions or continuous translation with appropriate motion connol 
along the x axis. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be further understood and clarified by the following 
drawing description. This description does not intend, in any way, to limit the 
scope of the present invention. 

Fig. 1 is a schematic illustration of an exemplary known integrated metiology 
apparatus. 



9 



wo 00/28577 PCT/IL99/00598 

Fig. 2 is a schematic illustration of a known integrated apparatus optical unit. 
Fig. 3(a) is a schematic side view of an integrated apparatus according to a 
prefened embodiment of the present invention. 

Fig. 3(b) illustrates the optical unit of the measuring chaiuiel of an integrated 
apparatus according to a prefeired embodiment of the present invention. 
Fig. 4 is a three-dimensional side view of the integrated apparatus. 
Figs. 5(a) and 5(b) are possible implementations of ITM CVD apparatus 
within CVD equipment 

Fig. 6 is a flow chart of a method for integrated monitoring and control of 
CVD process. 

Figs. 7(a) and 7(b) illusnate a side view and a top view of a possible initial 
configuration of tl\e integrated apparatus; 

Figs. 8(a) and 8(b) are schematic illustrations of respectively, side \aew and 
top view of the integrated apparatus when the positioning channel is operated. 
Figs. 9(a) and 9(b) aie schematic illustrations of respectively, a side view and 
a top view of tiie integrated apparatus when the measurement chaimel is 
operated. 

DETAILED DESCRIPTION OF THE INVENTION 

It is common loiowledge to people who are skilled in tiie art of the present 
invention, that application of different ranges of wavelengths for different 
purposes in a single apparatus is not feasible using the same optical elements 
for botli ranges due to limitations of refractive and reflective optics. Thus 
generally, different optical components should be used for each distinct 
wavelengths range. 

Therefore, in addition to the principles of integrated devices mentioned in the 
background, the design of tlie integrated monitoring appaiaUis should meet 
additional principles according to the purposes of die present invention: 
(a) Separation between optical units tliat operate at different specnal ranges. 
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(b) A different optical window for each unit, made of materials transparent to 
illumination used at that unit. As an option, a window may be opened for a 
predetermined period of time to allow measurements under special 
conditions (such as X-ray measurements) 

(c) Different illumination sources for each optical unit which can be either 
installed within the optical unit or can be external to said unit. In tlie latter 
case, separated means to convey the light (e.g. optic fiber) from each 
external source to its channel inside the sealed enclosure, are required as 
well. 

Due to footpiint limitation each window is smaller than a wafer (as compaied 
to optical window 3) and therefore an additional principle is: 

(d) Mechanical means to control the relative movement of the movable optical 
components witli respect to the wafer in a way which enables each of the 
optical units to reach any point of Uie wafer w. 

Detailed description of preferred embodiments 

Reference now is made to Fig. 3(a), which schematically illustrates a side view 
of an integrated apparams for monitoring and process contiol according to a 
preferred embodiment of the present invention. It comprises two external light 
sources 10 and 50, a measuring unit (MU) 110 and a control umt 120. The 
external light sources can be any illumination sources for different spectral 
ranges (e.g., deep UV, visible light, infrared). The light is conveyed to the MU 
110 by light guides (e.g., fiber optics) (not shown). The MU 110 comprises a 
sealed enclosure 36 and in it there are three different channels: (i) a positioning 
channel, (ii) a measuring channel for visible light optical measurements, such 
as thickness measurements and (iii) a measuring channel 400 based on spectral 
range other than the visible range. Since both channels (i) and (ii) use Uie same 
spectral range, i.e., visible range, and have nearly the same optical components, 
they are physically combined into one optical unit in a similar way to the 
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optical configuration presented in Fig. 2, and will be referred to as optical 
channel(s) 300 in Fig. 3(a). Channel 400 is realized in a separate optical unit. 
The apparatus comprises rigid and stable supporting means 30, which holds tlie 
wafer w during measuiement. Tliis can also be a vacuiun chuck (not shown) 
wliich clamps the wafer >v from its bottom side. In addition, the supporting 
means 30 has optionally the ability to rotate around an axis 33 and to move 
along the x axis (along tlie figure plane). The integrated apparatus has similar 
basic components (e.g., MU 1 and CU 2) as tlie aforementioned integrated tool 
(Fig. 1). 

As shown in Fig. 3(a) positioning and measuring chaimel 300 is separated from 
measuring channel 400 and each of which comprises optical elements suitable 
for the applied spectral ranges. In addition, each of the channels 300 and 400 
uses different optical windows 31 and 32. Positioning and measurijig channel 
300 is similar to tlie optical path of the ITM NovaScan 210 and is illustrated in 
Fig. 2. Reference is also made to the description of optical unit 4 and its optical 
path of Fig. 2 Wliich describes the optical components, optical function and 
operation of chaimel 300. 

Fig. 3(b) illustrates tlie second measuring channel 400 operating at a different 
spectral range. In this embodiment, it comprises an external illumination 
source 50, means to convey the light 56 to the measuring unit (e.g., a suitable 
fiber optic, suitable minors), a condenser 51, wliich directs the radiation onto a 
beam splitter 52, a tube lens 53, a translatable objective 54, optical window 32 
and the wafer's plan w. Beliind the beam splitter 52 located a suitable detector 
(e.g., spectrophotometer) 55. The beam sphtter 52 receives a light beam 
emanating from tlie light source 50 via the convey means 56 and deflects it 
towaid the wafer w, via lenses 53 and 54 and optical window 32. The refiected 
light beam (not labeled) is transmitted by lenses 54 and 53, passes thiough 
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beam splitter 52 to the detector 55. It is obvious to a man skilled in the ait that 
otlier components like concave mirrors etc. may be used as well. 
Both chamiels 300 and 400 aie controlled by the control unit 120, as well as die 
light sources 10 and 50. 

The movable parts of channels 300 and 400 (e.g., part of channels 300 and 
400 or all theii" components) are mounted together in a single moveable optical 
head 34 as shown in Fig. 3(a). The optical head 34 can move along die y axis 
(normal to the drawing plan) and the z axis (vertical, for focusing in the wafer 
plan >v), and optionally along the x axis. 

Regarding the optical windows 31 and 32 (Fig. 3(a)), the integrated tool 
according to a preferred embodiment of the present invention has two ship-like 
optical windows, one for the positioning and measuiing channel 300 and a 
second optical window 32 for the measuring channel 400. Each of which is 
made of material capable of transmitting the specific electromagnetic waves 
used in its channel. The width of the optical windows 31 and 32 is detennined 
according to the field of view and numerical aperture of each of the 300 and 
400 chaimels. In order to enable die optical head 34 to reach any point on the 
wafer w, the lengdis of the optical windows 31 and 32 are equal or longer dian 
die wafer's radius, preferably smaller than a wafer's diameter but a little bit 
bigger than a wafer's radius. In order to meet the demand for as small as 
possible footprint of the integrated tool, die physical separation d between the 
optical windows 31 and 32 is set to die possible minimum, such diat die two 
windows are adjacent to each odier. Therefore, die lineai- translation Ax of the 
suppoiting means 30, or alternatively die optical head 34, along die x axis, 
should be no more than die distance between die oprical windows 31 and 32 
centers. 
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Fig. 4 illustiates a three-dimensional view of an integrated tool according to a 
preferred embodiment of tlie present invention. In this embodiment, bodi 
channels 300 and 400 aie mounted inside a movable optical head 34. The 
optical head 34 moves on linear rails 80 along the y axis and above tlie optical 
windows 31 and 32 and tlie wafer w. The motion is performed by a motor 81 
wliich diives a screw 82 connected to the optical head 34 (connection not 
shown). The motor is controlled by the CU (not shown) and monitored by an 
encoder 84. The optical head 34 is connected to the CU by electric wiies 85 
and to the external illuminations sources by optical means (e.g., optic fiber) 86 
,through which liglit, electric supply, and data are transferred. 

According to a preferred embodiment of die present invention, the integrated 
apparatus is for monitoring and process control of dielectric layers thickness 
and composition, e.g., CVD equipment (hereinafter - ITM CVD). Its optical 
scheme is similar to that presented in Fig. 3(a), where channel 300 serves for 
positioning and for measuring layers tliickness using visible light and channel 
400 serves for layer composition measurements and for contamination analysis 
and is based on infrared optical components. 

Reference is now made to Figs. 5(a) and 5(b) which illustrate possible 
installations of ITM CVD with CVD tools. 

Fig. 5(a) illustrates an ITM CVD 65 imegiated inside a cluster CVD tools 60 
which is composed of several chambers such as the CVD 61 and cooling down 
62 chambers. The ITM CVD 65 can be installed into one of tlie cooling down 
chambers 62, or into any other chamber suitable for tliis purpose. 
Fig. 5(b) illustrates a non-cluster CVD equipment 70. It includes a cassettes 
load/unload station 71, a conveyor 72 which moves the wafer from one station 
to the next station of the CVD sub-processes. The ITM CVD 75 can be 
installed in tlie vicinity of the cassettes load/unload station 71. 
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According to another preferred embodiment of tlie present invention, channel 
400 tlie of the integiated apparatus is based on UV optical components. Its 
optical scheme is similar to that presented in Fig, 3(a), where channel 300 
sei*ves for positioning using visible liglit and channel 400 serves for UV 
measurements. 

A reference is made to Fig. 6 which illustrates a method according to the 
present invention for operating an integrated apparatus which uses at least two 
different specti al ranges. Tliis method is elucidated with the aid of Figs. 7-9. 
As shown in Figs. 7(a) (top view) and 7(b) (side view), the supporting means 
30 is located under the sealed enclosure 36. At the next step, the suppoiting 
means 30 accurately moves the wafer w by a pre-determined distance Ax/2 and 
locates the wafer under the optical window 31 of the positioning channel 300 as 
shown schematically in Figs. 8(a) and 8(b). 

If the wafer w is not aligned, pre-alignment can be perfonned according to any 
known method such as that which is disclosed in US application No. 
09/097,298. Final positioning can be conducted according to any known 
method such as the method disclosed in US patent No. 5,682,242 based on 
patterned featui'es. Alternatively, the whole positioning step can be conducted 
(without rotating the wafer) according to the method disclosed in US patent No. 
5,682,242. During the positioning step, the optical head 34 may move along 
the optical window 31 followed by (or simultaneously) rotation of the wafer h' 
by rotation means 33 in order to locate under the optical window 31 any point 
of the wafer vv. 

When positioning is completed and tiie predetermined site (defined duiing 
recipe preparation) is found, measuring commences. If the spectral range used 
for measuring is similar to that used for positioning, measuring is conducted 
with the same channel 300. However, if spectral range in addition to or other 
than that used for positioning is needed for measuring or detection, the 
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supporting means 30 accuiately moves the wafer w by a distance Ax and locates 
it under the optical window 32 of the measuring channel, and measuring is 
conducted as shown in Figs. 9(a) and 9(b). 

According to another prefened embodiment of thew present invention, an 
accurate x-y stage for the optical head 34 is designed (accurate to a level to be 
determined). Then an accurate translation along x axis between windows 31 
and 32 is performed, as well as along the y axis, in order to locate the 
measuring channel 400 above the pre-determined site to be measured. 

It should be noted that if y translation of the optical head aiid rotation means 33 
are designed to be accurate enougli, once positioning is completed, tliere is no 
need for the Imear translation of tlie optical head 34 along the x axis. Instead, 
the processed positioning data is used by the CU 120 to accurately positioning 
(by accurate movement according to polar (r, (p) coordinates system) tlie 
pre-determined site under optical window 32 and under the optical head 34 in a 
measuring position. 

This mode of operation is beneficial in eliminating additional x axis and 
corresponding Ax movement However, in this case, a small central area of 
about Ax/2 radius can not be reached by both channels. 

Actually both modes of operation may be used. WTien a measurement site is 
located near the wafer center, the additional Ax movement is needed. However, 
when other sites located far from the wafer's center are to be measured, only 
combined rotation of the supporting means and y translation of the optical head 
are used. 

The aforementioned process is repeated when several sites on the wafer w are 
to be measured. It should be noted that there are cases, in which the whole 
wafer w is measured (e.g., inspection), i.e., the supporting means 30 directly 
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moves the wafer vi' under optical window 32 of the measuring channel 400, 
skipping over tlie alignment channel 300, 

The measured data is transfened to the control unit 120 which can instruct the 
measuring unit 110 itself with respect to its operation (e.g., sampling fiequency, 
sites number to be measured on a wafer). Sunultaneously or alternatively, these 
data can be used for a feedback (or feed forward, depend on die configuration) 
closed loop control to tlie processing equipment such as the CVD tools. 

According to tiie present invention, the integiated tool can have more than two 
optical windows (not shown) for each measuring channel which applies 
different spectral ranges wluch require different material to enable the 
electromagnetic radiation to pass, e.g., an mtegrated tool using \asible, deep 
UV, Infrared and x-rays illumination and/ or detection. In this case, either the 
supporting means 30 or the movable head 34, should have accurate tianslation 
means with appropriate motion control to enable locating a pre-detennined site 
on the wafer to be measured imder die appropriate measuring channel 

WTiile specific embodiments of the present invention had been described for the 
purpose of illustration they do not mean to limit the scope of the invention. It 
will be understood that the mvention may be canied into practice by skilled 
persons with many modifications, variations and adaptations, witliout depaiting 
from its spirit or exceeding the scope of the claims. 
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CLAIMS 

1) An integrated apparatus for monitoring semiconductor wafer and for 
process control in tlie semiconductor production process by means of 
optical measuiements at more tlian one spectral range, comprising a 
measuiing unit for peifonning optical measurements m predetemiined sites 
on said wafer, illumination sources for illuminating said wafer, suppoiting 
means for holding, rotating and translating the wafer and a contiol unit 
coimected to said measunng unit, to said supporting means and to said 
illumination sources; 
wherein said measuring unit comprises; 

a) at least two sepaiate optical units, each operating at a different 
distinct spectral range; 

b) a separate optical window for each optical unit through which the 
wafer is illuminated ; 

c) at least one movable optical head which mcludes part or all of die 
optical components of said optical units; 

d) mechanical means for translating said optical head relatively to the 
wafer's surface such that each of said optical units can measure the 
area of the wafer through its corresponding optical window and 
perform autofocusing. 

2) An integrated appaiatus according to claim 1 wherein said measuring 
unit is in a sealed enclosure. 

3) An integrated apparatus accordhig to claim 1 wherein at least one of said 
illumination sources is external to said measuring unit and its light beam is 
conveyed to said measuring unit by suitable Ught guides. 
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4) An integrated apparatus according to claim 1 wherein the movable 
parts of more than one optical unit are installed in one movable head. 



5) An integi-ated apparatus according to claim 1 wherein the movable 
parts of each optical unit are installed in a sepai'ate movable head. 

6) An integiated apparatus according to claim I wherein said apparatus 
is installed inside or is attached to a Chemical Vapor Deposition equipment 
or a Chemical Mechanical Polishing equipment or a photocluster equipment 
or any other processing equipment in the semiconductor production line, 

7) An integrated apparatus according to claim 6 wherein said apparatus is 
installed inside one of the cooling chambers of a cluster Chemical Vapor 
Deposition equipment or in the vicuiity of the cassette load/unload station in 
a non-cluster Chemical Vapor Deposition equipment. 

8) An integrated apparatus according to any of tlie preceding claims 
w^herein one optical unit comprises a visible illumination source and optical 
components suitable for performing optical measurements at the visible 
spectral range and wherein the other optical unit or units comprise optical 
components and illumination sources suitable for performing optical 
measurements at any other spectral range or at a specific wavelength. 

9) An integrated apparatus according to claim 6 wherein the optical unit 
operating at the visible spectral range light includes an optical imagining 
device. 
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10) An integrated apparatus according to claim 1 wherein the measuiing 
unit comprises two optical units and wherein one optical unit comprises a 
visible illumination source and optical components suitable for performing 
oprical measurements at the visible spectral range and is used for 
positioning the optical head witli respect to a wafer and for thin layer 
tliiclcness measurements and wherein the second optical unit comprises an 
infrared illumination source and optical components suitable for performing 
optical measurements at the infrared spectral range and is used for layer 
composition measurements and for contamination analysis. 



11) An integrated apparatus according to claim 1 wherein tlie measuring 
unit comprises two optical units and wherein one optical unit comprises a 
visible illumination source and optical components suitable for performing 
optical measurements at the \asible spectral range and is used for 
positioning the optical head with respect to a wafer and for tlun layer 
thickness measm*ements and wherein tlie second oprical unit comprises an 
ultraviolet illumination source and oprical components suitable for 
performing optical measurements at the ultiaviolet spectial range and is 
used for illuminating a wafer by ultra\dolet illumination and measuring the 
reflected signals by means of a detector. 



12) An integrated apparatus according to claim 1 wherein the measuring unit 
comprises two optical units and wherein one optical unit comprises a visible 
illumination source and optical components suitable for performing optical 
measurements at the visible spectral range and is used for positioiung tlie 
optical head witli respect to a wafer and for thin layer tliickness 
measmements and wherein the second optical unit comprises an X ray 
illumination source and optical components suitable for performing optical 



20 



wo 00/28577 PCT/IL99/00598 

measurements at the X ray spectral range and is used for illuminating a 
wafer by X ray radiation and measuring the reflected signals by means of a 
detector. 



13) An integrated appaiatus according to claim 1 wherein the measuring unit 
has two adjacent elongated windows of length equal to or longer than a 
semiconductor wafer radius and separated by a distance d, and wherein the 
movable optical head has means to move along the windows length, and 
along the axis peipendicular to the wafer's plane and wherehi the 
supporting means has means for accurate rotation. 

14) An integrated appaiatus according to claim 1 wherein the measuring unit 
has two adjacent elongated windows of length equal to or longer than a 
semiconductor wafer radius and separated by a distance d, and wherein the 
movable optical head has means to move along the windows lengdi, and 
along the axis perpendicular to tlie wafer's plane and wherein either the 
supporting means of the wafer or the movable optical head have means for 
an accurate linear translation along the axis perpendiculai- to the windows 
elongated axis and equal to the distance Ax between the windows' centers. 

15) An integrated apparatus according to claim 13 or 14 wherein die optical 
head moves along the windows on rails and the motion is perfoimed by a 
motor which drives a screw connected to the optical head. 

16) An mtegrated apparatus according to claim 1 having more than two 
optical units and more than two adjacent elongated windows and wherein 
the movable optical head has means for moving along the window length 
and whereiii either the movable optical head or the wafer supporting means 
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has means for either continuous traiislatioa along the axis peipendicular to 
the windows length or has several accuiate positions along said axis. 



17) An integrated appaiatus according to any of the preceding claims 
wherein one of tlie windows can be opened for a predetermined period of 
time. 



18) A method for monitoring wafers and for process control in die 
semiconductors manufacturing process by means of optical measurements at 
more than one distinct spectral range by the apparatus as defmed in aj)y of 
the preceding claims. 

19) A method according to claim 18 for use in the CVD process for thin 
layers thickness and composition measurements. 

20) An integrated appai'atus and a metliod substantially as hereinbefore 
described and illusti'ated. 
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